ABSTRACT Chicken myeloblasts transformed by avian myeloblastosis virus (AMV) in the absence of nondefective helper virus (termed nonproducer cells) were found to release a defective virus particle (DVP) (Fig. 1 A and B 
subgroups. The specific sequence of the DVP RNA is present in infectious stocks of AMV from this and other laboratories in an AMV-transformed myeloblast line from another laboratory, and it is about 70% related to nucleotide sequences of E26 virus, an independent isolate of an AMV-like virus. Preliminary experiments show DVP to be leukemogenic if fused into susceptible cells in the presence of helper virus. We conclude that DVP RNA is the leukemogenic component of infectious AMV and that its specific sequence, termed AMV, may carry genetic information for oncogenicity. Thus we have found a transformation-specific RNA sequence, unrelated to helper virus, in a highly oncogenic virus that does not transform fibroblasts. RNA of sarcoma and acute leukemia viruses, which transform fibroblasts in cell culture, contains an internal specific sequence in addition to terminal sequences that are allelic with the essential virion genes of a given group of retroviruses and therefore termed group-specific (1). The internal specific RNA sequences are the structural hallmark of the fibroblast-transforming retroviruses and code alone or together with various amounts of group-specific sequences for nonstructural proteins thought to have transforming function (1, 2) .
To date, contiguous specific nucleotide sequences that are not allelic with sequences of helper viruses have not been identified in the RNAs of acute leukemia viruses that fail to transform fibroblasts, such as the avian myeloblastosis virus (AMV) and the murine Friend virus (3) . The replication-defective leukemogenic component of AMV has not yet been identified or isolated free of helper virus (4, 5) . Major (6, 7) or by restriction enzyme analyses of proviral DNA from virus-infected cells (8) . These presumably AMV-specific nucleotide sequences have been associated with a 7.8-kilobase (kb) RNA (6) or proviral DNA (8) (2, 10, 11) . g/ml could be isolated from the culture media of each of these cell lines by the same procedures that are used for purification of infectious virus (13) (Fig. 2A) . The particles contained among other nonviral proteins the gag proteins p27, p19, p15, and p12 ( Fig. IC) of infectious avian tumor viruses (14) . However, the particles lacked detectable polymerase protein (Fig. 1C) (Fig. ID) . By contrast, processing of Pr76 was readily observed in AMV(MAV-2)-producing myeloblasts, in which Pr76 was detected only with short (20-mmn) pulses of [asSimethionine ( Fig. 1 A and D) . This implies that in nonproducer myeloblasts processing of Pr76 must occur during or after release of DVPs from the cell and that, once assembled, DVPs do not remain associated with cells, possibly due to the absence of envelope glycoprotein. The presence of the polymerase precursor Prl8O in nonproducer cells ( Fig. 1 A and B) and the apparent absence of polymerase from DVP must reflect either a defective pol gene (for which we have no evidence) or a failure of DVP to package polymerase. Antisera against group-specific determinan-.Jts ofviral envelope glycoprotein (19) subunit with an estimated (18) size of 7.5 kb based on its electrophoretic mobility relative to mobilities of 10-kb SchmidtRuppin (SR) RSV RNA, 8.5-kb transformation-defective Prague (td PR) RSV RNA (20) (21) (22) , and 5.7-kb MC29 avian acute leukemia virus RNA (17) (Fig. 2) . The RNA of MAV-2 ( Fig. 2) and MAV-1 was about 8.2 kb, indicating that DVP RNA is about 0.7 kb shorter than that of MAV-1 and MAV-2.
Initial experiments measured sequence relationships between DVP RNA and the RNAs of other avian tumor viruses by quantitative hybridization (cf. Fig. 3 ), using DVP [32P]RNA and saturating concentrations of nondefective SR RSV, MC29 (ring-necked pheasant virus [RPV]), MAV-2, or AMV(MAV-1 and MAV-2) cDNAs (at cDNA-to-RNA ratios of 20:1 to 50:1) followed by digestion with RNases A, T1, and T2 (17) . Under these conditions 61 ± 5% (mean I SEM) of DVP RNA was hybridized by SR RSV or MC29 cDNAs, 81 + 5% by MAV-2 cDNA, and 96 + 5% by AMV cDNA. To locate on the DVP RNA shared and specific sequences identified by Ti oligonucleotides, an oligonucleotide map of DVP RNA was prepared and compared to the maps of MAV-1 and MAV-2 RNAs (see Figs. 3 and 4) . The method of ordering oligonucleotides relative to the 3'-poly(A) coordinate of viral RNA by fingerprinting oligonucleotides of poly(A)-tagged RNA fragments of discrete sizes classes (see Fig. 3 for DVP RNA fragments) has been described (23) . The numbering of oligonucleotides of certain contiguous RNA sequences (in Table I and Fig. 4 ) reflects the map order in the 5'-to-3' direction. The RNase A-resistant sequences of oligonucleotides are recorded in Table 1 .
It can be seen in Fig. 4 that the oligonucleotide maps of 7.5-kb DVP RNA and the 8. (Table 1; refs. [24] [25] [26] . The shared 3'-terminal sequences have the complexity of the 3'-terminal c-region of avian tumor viruses (22) (23) (24) (25) (26) . However, comparison of a fingerprint of the c-region oligonucleotides (numbered 51 to 57) prepared from a 1-kb poly(A) terminating DVP RNA fragment (Fig. 3C, Table 1 ) with the fingerprints from other avian tumor viruses (2, 23, 26) indicates that the closely related c-regions of DVP, MAV-1, and MAV-2 RNAs (Table 1, Fig. 4 ) are different from those found in other avian tumor viruses.
The 7.5-kb DVP RNA contained a 1.5-kb sequence represented by 14 oligonucleotides numbered 101-114, which mapped between the c-region and about 2.2 kb from the 3'-poly(A) coordinate (Fig. 3B) and did not share any oligonucleotide with the MAV RNAs (Fig. 4, Table 1 ). At equivalent map locations, MAV-1 and MAV-2 RNAs contained a 2-kb region identified as the env gene by its map location (Fig. 4 ) (24) (25) (26) , by its genetic complexity (24-26, 29, 30) , and by the presence of env oligonucleotides conserved in other viruses (24) (25) (26) 29) . The following experiments were done to determine whether the 1.5-kb RNA sequence of DVP was related to the env genes or other genes of the MAVs (28) was fingerprinted after dissociation of the hybrid and digestion with RNase T1. Only one (no. 102) of the 14 DVP-specific oligonucleotides was scarcely hybridized by three of these cDNAs-ie., MC29(RPV), MAV-1 ( Fig. 3 G and H) , and MAV-2 (not shown)-which may signal a relationship between the pol-env border of these viruses and the 5' end of the DVP-specific sequence (Fig. 4) . Hence the majority of the DVP-specific sequence is not related to genes of these viruses, which include the src gene of RSV and the onc gene of MC29 (1, 2). On the basis of comparisons of T1 oligonucleotides, the specific sequence of DVP is also unrelated to the RNA of Fujinami sarcoma virus (12) and the avian erythroblastosis virus (18) . Fig. 3 F, G In contrast, all oligonucleotides of the 5' 5.3-kb DVP map segment (nos. 1-24, Fig. 4) were hybridized by each of the above cDNAs [Fig. 3 F (Fig. 3 F (Fig. 3I) and that of the RNase A and Tl-resistant hybrid contained all but the two 5'-terminal DVP-specific oligonucleotides, 101 and 102 (Fig. 3J) . The loss of these two oligonucleotides upon digestion with RNase A could signal a sequence variation between our DVP RNA and its equivalent in Beard's AMV stock, or it could signal a partial sequence relationship between DVP and MAV-2 resulting in displacement of DVP sequences from AMV cDNA hybrid. The latter interpretation is consistent with the above result that DVP oligonucleotide 102 was partially hybridized by the MAV cDNAs (Fig. 3H) . The finding of the 5'-most c-region oligonucleotide 51 in the DVP RNA-AMV-specific cDNA hybrids may reflect displacement of MAV-2 RNA by DVP [32P]RNA by strand migration from the adjacent DVP-specific region of cDNA (see Fig. 4 ). Moreover, all DVP-specific oligonucleotides that are not overlapped by MAV-2 oligonucleotides-i.e., nos. 102, 103, 108, 111, and 113-could also be detected as minor oligonucleotides in AMV(MAV-2) from myeloblasts prepared by us or by M. Baluda (not shown).
In addition, an AMV-transformed myeloblast line derived by Langlois et al. (27) , which produces no or very little infectious virus, was found to release DVP with an RNA indistinguishable from ours (Fig. 3K) , although the yield of DVP was lower than with our cell lines.
The oncogenic spectrum of AMV is closely related to that of E26, a defective avian acute leukemia virus that was isolated in Bulgaria in 1962 (31, 32) . In particular, both viruses lack the ability to transform fibroblasts (refs. 31 and 32; unpublished data). AMV has also been reported to share with E26 some helper virus-unrelated sequences as measured by RNA-cDNA hybridization (7) . To test whether DVP RNA is related to E26, the RNA of an RNase Tl-resistant DVP [32P]RNA-E26(E26-associated virus) cDNA hybrid was fingerprinted. All but 4 (nos. 
